Replication origin of the broad host range plasmid RK2. Positioning of various motifs is critical for initiation of replication.
The 393-base pair minimal origin, oriV, of plasmid RK2 contains three iterated motifs essential for initiation of replication: consensus sequences for binding the bacterial DnaA protein, DnaA boxes, which have recently been shown to bind the DnaA protein; 17-base pair direct repeats, iterons, which bind the plasmid encoded replication protein, TrfA; and A + T-rich repeated sequences, 13-mers, which serve as the initial site of helix destabilization. To investigate how the organization of the RK2 origin contributes to the mechanism of replication initiation, mutations were introduced into the minimal origin which altered the sequence and/or spacing of each particular region relative to the rest of the origin. These altered origins were analyzed for replication activity in vivo and in vitro, for localized strand opening and for DnaB helicase mediated unwinding. Mutations in the region between the iterons and the 13-mers which altered the helical phase or the intrinsic DNA curvature prevented strand opening of the origin and consequently abolished replication activity. Insertions of more or less than one helical turn between the DnaA boxes and the iterons also inactivated the replication origin. In these mutants, however, strand opening appeared normal but the levels of DnaB helicase activity were substantially reduced. These results demonstrate that correct helical phasing and intrinsic DNA curvature are critical for the formation of an open complex and that the DnaA boxes must be on the correct side of the helix to load DnaB helicase.